LCD PANEL, LCD INCLUDING SAME, AND DRIVING 
METHOD THEREOF 



BACKGROUND OF THE INVENTION 

(a) Field of the Invention 

The present invention relates to a liquid crystal display (LCD) and a driving 
method thereof. More specifically, the present invention relates to an LCD panel, an 
LCD including the same and a method for driving the same to achieve a high-speed 
response. 

(b) Description of the Related Art 

As personal computers (PC) and television sets have become lighter in weight 
and slimmer in thickness, display devices have also been required to become lighter 
and slimmer, and flat panel displays such as the LCD instead of cathode ray tubes 
(CRT) have been developed and used in practice to meet such requirements. 

In the LCD, an electric field is used to arrange liquid crystal material that has 
anisotropic permittivity and is provided between two substrates. By adjusting the 
strength of the electric field, lights that transmits the substrates are adjusted. 
Accordingly, desired image signals are obtained. The LCD is one of the most used 
portable flat panel displays. Particularly, thin film transistor (TFT) LCDs using TFTs as 
switching elements are widely used. 

FIG. 1 shows a pixel equivalent circuit of a general TFT-LCD. 

As shown, the pixel of the general TFT-LCD comprises a TFT switching 
element that has a source electrode coupled to a data line and a gate electrode to a 
gate line; a liquid crystal capacitor Q c coupled to the drain electrode of the TFT 



switching element; a storage capacitor C st coupled to the drain electrode of the TFT 
switching element; a parasitic capacitor C gd provided between the gate and drain 
electrodes of the TFT switching element; a parasitic capacitor Cd S provided between the 
drain and source electrodes of the TFT switching element; and an overlap capacitor 
Cover provided between the data line and a pixel electrode. 

An operation of the liquid crystal provided between the pixel electrode on a TFT 
substrate and a common electrode on a color filter substrate will now be described. 

First, when a bipolar pulse is supplied via the gate line, the TFT switching 
element is turned on. At this time, a signal voltage supplied to the source electrode of 
the TFT switching element via a signal line is supplied to a liquid crystal capacitor and a 
storage capacitor via the drain electrode. The signal voltage supplied together with the 
gate pulse is maintained by the storage capacitor and supplied to the liquid crystal 
capacitor after the gate voltage is turned off. 

According to the above-described method for manufacturing the storage 
capacitor, the TFT-LCD is categorized as a previous gate method (or an additional 
capacitance method) as shown in FIG. 2a, and a common method (or an individual 
wiring method) as shown in FIG. 2b. 

As shown, the previous gate method uses a capacitor provided between a pixel 
electrode and a previous gate as a storage capacitor, and the common method 
generates a storage electrode in the pixel electrode and uses a capacitor between the 
storage electrode and the pixel electrode as the storage capacitor. The storage 
electrode of the common method is connected to a transparent common electrode line 
of the color filter substrate and is then driven. 



When using an LCD to big screen applications, the biggest restriction is the 
response time. For a big size LCD, this invention is directed to a method for improving 
the response speed of the LCD using the previous gate method. 

FIG. 3 shows a pixel equivalent circuit of the TFT-LCD using the previous gate, 
and FIG. 4 shows waveforms for describing the improvement of the response speed 
using the previous gate of FIG. 3. 

As shown in FIG. 3, in the pixel equivalent circuit of the TFT-LCD, one terminal 
of the storage capacitor Cst is connected to the drain electrode and another terminal to 
the previous gate. 

In operation, a predetermined switching pulse signal is supplied to the gate line, 
and the voltage finally supplied to the pixel by the common electrode voltage is as 
follows: 

Equation 1 

V = ±V + AV 

p C +C C g 

where Vs represents the voltage supplied to the source electrode, C s t 
represents the capacitance of the storage capacitor, C gc i represents the parasitic 
capacitance between the gate and drain electrodes, C| C represents the capacitance of 
the liquid crystal capacitor, and AV g represents the difference voltage between the 

previous gate voltage and the present gate voltage. 

However, since the above-noted method uses the previous gate structure, a 
heavy gate load is generated. Also, since the method can only be applied to line 
inversion driving, cross-talk and flickers are generated and it is difficult to achieve a high 
degree of precision. 



Also, conventional gate TAP ICs cannot be used, and if the gate voltage at an 
off state is heavily increased, the off state current l 0 ff becomes great. And accordingly, 
gate value modification is limited. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an LCD panel of an LCD by 
swinging the common electrode voltage supplied to a storage common electrode line to 
obtain a high response speed in an independent wiring structure of an LCD that can do 
dot inversion driving. 

In one aspect of the present invention, an LCD panel comprises a plurality of 
gate lines formed in the horizontal direction with vertical branches, a plurality of data 
lines formed in the vertical direction with horizontal branches, a common electrode line 
formed in the horizontal direction with vertical branches, and formed at a predetermined 
area between a gate line and its adjacent gate line, a first pixel electrode formed on an 
odd row of an odd column and an even row of an even column among areas formed by 
the data lines and gate lines crossing the data lines; and a second pixel electrode 
formed on an odd row of an even column and an even row of an odd column of the 
areas, and having a polarity different from the first pixel electrode. 

The first pixel electrode is formed at an area respectively divided by an odd 
data line and its subsequent adjacent even data line and by connecting an odd gate line 
and its subsequent adjacent common electrode line, and formed at an area respectively 
divided by an even data line and its subsequent adjacent odd data line and by 
connecting an even common electrode line and its subsequent adjacent gate line. The 



second pixel electrode is formed at an area respectively divided by an even data line 
and its subsequent adjacent odd data line and by connecting an odd common electrode 
line and its subsequent adjacent gate line, formed at an area respectively divided by an 
odd data line and its subsequent adjacent even data line and by connecting an even 
gate line and its subsequent adjacent common electrode line. 

In another aspect of the present invention, an LCD for a high-speed response 
comprises a timing controller for outputting first driving signal and second driving signal, 
and outputting a third driving signal that defines periods and amplitudes according to 
vertical and horizontal synchronization signals and a main clock signal; a data driver for 
outputting an image signal that drives a polarity of a liquid crystal capacitor based on 
the first driving signal, a gate driver for outputting a scanning signal based on the 
second driving signal, a driving voltage generator for receiving the third driving signal, 
raising or lowering levels of the third driving signal, and outputting a common electrode 
voltage that is synchronized with the image signal in a predetermined period and 
swung, and an LCD panel for displaying the image signal in cooperation with the 
common electrode voltage and the scanning signal in an independent wiring structure 
that forms gate lines in the horizontal direction and common electrode lines between 
the gate lines. 

Also disclosed is a method for driving an LCD with above-described structure. 
The method comprises the steps of receiving an image signal from an external image 
signal source and providing the image signal to a data line, generating a first scanning 
signal so as to provide the same to an odd pixel of an odd gate line and an even pixel 
of an even gate line, generating a second scanning signal so as to provide the same to 



an odd pixel of an even gate line and an even pixel of an odd gate line, sequentially 
providing the first and second scanning signals to the gate line, and supplying a 
common electrode voltage to a common electrode line so as to superimpose voltage to 
transmission (VT) curves of positive and negative polarity driving together with the 
sequential providing of the first scanning signal and the second scanning signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in and constitute a part of 
the specification, illustrate an embodiment of the invention, and, together with the 
description, serve to explain the principles of the invention: 

FIG. 1 shows a pixel equivalent circuit of a general TFT-LCD; 

FIGs. 2a and 2b respectively show schematic diagrams for the previous gate 
method and independent wiring method; 

FIG. 3 shows a schematic diagram for the pixel equivalent circuit of the TFT- 
LCD using the previous gate; 

FIG. 4 shows waveforms for describing an improvement of a response speed 
using a previous gate signal of FIG. 3; 

FIG. 5 shows waveforms for describing changes of a pixel voltage according to 
periodic swing common voltage; 

FIG. 6 shows a schematic diagram for describing an LCD for a high-speed 
response according to a preferred embodiment of the present invention; 

FIG. 7 shows a schematic diagram for describing the pixel equivalent circuit of 
the LCD panel of FIG. 6; 



FIG. 8 shows a VT (voltage to transmission) curve according to the preferred 
embodiment of the present invention; and 

FIG. 9 shows a graph for describing a minimum value (Vth) of an actual voltage 
sensed by the liquid crystal and a maximum value (Vmax) of the actual voltage sensed 
by the liquid crystal, the liquid crystal being positioned on the VT curve in a normal 
case. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In the following detailed description, only the preferred embodiment of the 
invention has been shown and described, simply by illustrating the best mode 
contemplated by the inventor(s) of carrying out the invention. As will be realized, the 
invention is capable of modification in various obvious respects, all without departing 
from the invention. Accordingly, the drawings and description are to be regarded as 
illustrative in nature, and not restrictive. 

FIG. 5 shows waveforms for describing changes of a pixel voltage according to 
periodic common voltage swings. 

As shown in FIG. 5, for illustrating the voltages supplied to a single pixel, the 
voltage supplied to the pixel is swung by swinging the common electrode voltage 
supplied to the common electrode line. At this time, the average voltage Vp supplied to 
the pixel is as follows: 

Equation 2 

r 

V =±V + — AV 

' s 2-(C st+ C gd+ C lc ) com 



where V s represents the voltage supplied to the source electrode, C s t 
represents the capacitance of the storage capacitor, C gd represents the parasitic 
capacitance between the gate and drain electrodes, C| C represents the capacitance of 
the liquid crystal capacitor, and AV com represents the swing width of the voltage supplied 

to the common electrode line. 

As expressed in Equation 2, since the voltage additionally supplied to the 
common electrode is proportional to a value of C st /(C st +C lc ) , when the gray is modified 

according to a memory effect by the liquid crystal capacitor Clc, an overshoot effect is 
generated, and hence the response speed of the liquid crystal can be improved. 

When the overshoot is generated to improve the response speed of the liquid 
crystal and the three subsequent conditions are satisfied, the response speed of the 
LCD can be improved. 

(1) Condition 1. 

In the case the pixel voltage is switched from negative polarity to positive 
polarity, the common electrode voltage is terminated by the negative polarity at the 
gate-on time. 

(2) Condition 2. 

In the case the pixel voltage is switched from positive polarity to negative 
polarity, the common electrode voltage is terminated by the positive polarity at the gate- 
on time. 

(3) Condition 3. 

After the gate is closed, the common electrode voltage repeatedly swings 
between the negative and positive polarities. 



On the other hand, the overshoot caused by the liquid crystal capacitor C| C is 
given as follows. 

First, if the capacitances of the respective liquid crystal capacitors C| C are set as 
Cid and C| C 2 when the first gray state is switched to the second gray state, a difference 
between the second terms of equation 2 of the respective states becomes an overshoot 
value, as follows: 

Equation 3 

— l 2(C st + C lcl ) 2(C st+ C lc2 y com 2(C J( + C fcl )-(C,+C /C2 ) 

FIG. 6 shows a schematic diagram for describing an LCD for a high-speed 
response according to a preferred embodiment of the present invention. 

Referring to FIG. 6, the LCD for a high-speed response comprises a timing 
controller 100, a data driver 200, a gate driver 400, a driving voltage generator 300 and 
an LCD panel 500. 

The timing controller 100 outputs a first signal 101 that defines the periods and 
amplitudes of the common electrode voltage Vcom to the driving voltage generator 300 
according to the vertical synchronization signal Vsync, horizontal synchronization signal 
Hsync and main clock signal MCLK; outputs data driver driving signals LOAD, Hstart, R, 
G and B to the data driver 200; and outputs gate driver driving signals Gate Clk and 
Vstart to the gate driver 400. 

The data driver 200 outputs data driving voltages Di through D m that drive the 
polarity of the liquid crystal capacitor C| C using the data driver driving signals, to data 
lines of the LCD panel 500. Here, the data driver 200 uses a line inversion low voltage 
driving TAP IC, and the low voltage ranges from 0 to 5 volts. 



The driving voltage generator 300 receives the first signals 101 from the timing 
controller 100 and raises or lowers the voltage levels of the first signal 101, outputs gate 
driving voltages Von and Voff for driving the gate driver to the gate driver 400, and 
outputs the common electrode voltage Vcom that swings and synchronizes with the 
gate driving voltage by a predetermined period, to the LCD panel 500. At this time, the 
common electrode voltage can be a square wave having a period identical to or three 
times that of the gate driving voltage. 

The gate driver 400 outputs gate driving voltages Gi through G n to the LCD 
panel 500 using the gate driver driving signals Gate Clk and Vstart provided by the 
timing controller 100, and the gate driving voltages Von and Voff provided by the driving 
voltage generator 300. 

The LCD panel 500 uses an independent wiring structure that includes a 
plurality of gate lines, data lines, common electrode lines, switching elements (TFTs) 
connected to the respective gate lines and data lines, liquid crystal capacitor C| C and 
storage capacitor C s t, and displays the data voltages (or image signals) provided by the 
data driver 200 in response to the gate voltage (or a scanning signal) provided by the 
gate driver 400 and the common electrode voltage Vcom provided by the driving 
voltage generator 300. 

In detail, the gate lines formed in the horizontal direction transmit the scanning 
signals Gi, G2, ... provided by the gate driver 400, and the data lines formed crossing 
the gate lines are formed in the vertical direction and transmit image signals D-i, D 2 , D 3 , 
provided by the data driver 200, and the common electrode line that transmits the 
common electrode voltage Vcom provided by the driving voltage generator 300 is 
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formed between a gate line and its adjacent gate line. 

A first end of the switching element (TFT) formed by an area surrounded by the 
gate lines and data lines is connected to the gate line, a second end to the data line, 
and a third end to the common electrode line so as to perform On and Off operations. 

The liquid crystal capacitor C| C transmits the light from a backlight (not 
illustrated) in proportion to the image signals provided by the data driver 200 according 
to turn-on operation of the switching element, and the storage capacitor C st stores the 
image signals provided by the data driver 200 when the switching element is turned on, 
and supplies the stored image signals to the liquid crystal capacitor C| C when the 
switching element is turned off. 

FIG. 7 shows a schematic diagram for describing the pixel equivalent circuit of 
the LCD panel of FIG. 6. 

As shown, the LCD panel uses an independent wiring structure, and at this 
time, the gate lines are formed in the horizontal direction with vertical branches, the 
data lines are formed in the vertical direction with horizontal branches, and the common 
electrode lines each formed in a predetermined area made between a gate line and a 
subsequent adjacent gate line are formed in the horizontal direction with vertical 
branches. 

First pixel electrodes are formed at areas respectively surrounded by an odd 
data line and its subsequent adjacent even data line and are connected to an odd gate 
line and its subsequent adjacent common electrode line. 

Also, the first pixel electrodes are formed at the areas respectively surrounded 
by an even data line and its subsequent adjacent odd data line and are connected to an 

n 



even common electrode line and its subsequent adjacent gate line. 

Second pixel electrodes are formed at areas respectively surrounded by an 
even data line and its subsequent adjacent odd data line and are connected to an odd 
common electrode line and its subsequent adjacent gate line. 

Also, the second pixel electrodes are formed at the areas respectively 
surrounded by an odd data line and its subsequent adjacent even data line and are 
connected to an even gate line and its subsequent adjacent common electrode line. 

Here, the first pixel electrode has a polarity different from that of the second 
pixel electrode. 

The LCD panel and the LCD including the same according to the preferred 
embodiment of the present invention use independent wiring structures. Swinging the 
common electrode voltage supplied to the common electrode line for storage enables 
the LCD to achieve the high speed response of the liquid crystal. Further, the merits of 
dot inversion driving can be obtained by positioning the gates differently. 

That is, as shown in FIGs. 6 and 7, since the LCD panel comprises the gate 
lines provided in the horizontal direction and the common electrode lines between the 
gate lines and has the independent wiring method, high-speed response of the LCD 
can be performed not by using a data driver for dot inversion driving (or a dot inversion 
TAP IC) but by using a cheaper data driver for line inversion driving (or a line inversion 
driving TAP IC). 

Also, even when the line inversion TAP IC is used as the data driver instead of 
the dot inversion TAP IC, the LCD panel can perform the dot inversion operation. 

An LCD panel for high-speed responses, and an LCD including the LCD panel 
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and its driving method according to the present invention will now be described in detail. 

The size of the voltage supplied to the pixel by the common electrode voltage 
that is swung when the voltage is supplied to the data line is expressed in equation 2, 
and the voltage Vp' supplied to the pixel with respect to the top substrate common 
electrode voltage V C F-com is expressed in equation 4, and the VT curve is shown in FIG. 
8. 

Equation 4 

' C 

V -W a — Si AV ~] — V 

'p *- s ry rf, . (~< | (-< \ com J 'CF-com 

Z 'V^st + L 'gd + ^lc) 

If the common electrode voltage for storage is not swung, the VT curves are 
formed on both parts with respect to the common electrode voltage, but if the common 
electrode voltage is swung, as shown in FIG. 8, both VT curves move to the central 
part, and the white mode that is the positive (+) portion and the black mode that is the 
negative (-) portion are superimposed. At this time, the shifted voltage Vshift is 
expressed by the second term on the right of equation 2. That is: 
r 

V = — AV 

shifi 2.(C st + C gd+ C lc ) 

Therefore, as shown in FIG. 8, when the VT shift degree is set about 5V, the 
two VT curves are completely superimposed, and the LCD panel can be driven even 
when the low voltage TAP IC is used as the data driver. 

The amplitude of the common electrode voltage to be swung for completely 
superimposing the VT curves of the LCD that uses the independent wiring method will 
now be described. 

FIG. 9 shows a graph for describing a minimum value (Vth) of an actual voltage 
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sensed by the liquid crystal and a maximum value (Vmax) of the actual voltage sensed 
by the liquid crystal, the liquid crystal being positioned on the VT curve in a normal 
case. 

As shown, the dotted lines respectively represent the normally black mode and 
normally white mode on the (+) and (-) portions when the common electrode voltage 
Vcom is not swung, and the VT curves move to the central part when the common 
electrode voltage is swung. At this time, when an appropriate common electrode 
voltage is swung, the two VT curves are superimposed as shown in FIG. 8. Here, the 
positive and negative polarity voltage will be 5V when a 10V TAP IC of the data driver is 
used, and it will be 2.5V when a 5V TAP IC is used. 

A method for swinging the common electrode voltage supplied to the common 
electrode line so as to completely superimpose the VT curves of the LCD panel will now 
be described. 

Referring to FIG. 9, it can be found that Vmax - Vshift(white) = -Vth + 
Vshift(black). At this time, since the shift voltage Vshift is the second term on the right 
portion of equation 2, it follows that: 

V — AV =-V*+ — AV . 

Z V^st + ^gd + ^Ic-white) y^st ^ ^gs ^ ^Ic-black) 

Since C gd can be neglected, the amplitude of the voltage supplied to the 
common electrode line to be swung using a low voltage driving TAP IC is as follows: 
Equation 5 

_ 2 ' (^max + ^th)' (C st + C !c _ b!ack ) • (C st + C lc _ wMte ) 

C st • (2C S , + C lc _ white + C lc _ black ) 
where V max represents the maximum value of the actual voltage sensed by the 
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liquid crystal, V th represents the minimum value of the actual voltage sensed by the 
liquid crystal, C| C represents the liquid crystal capacitance, C s t represents the storage 
capacitance, C| C -biack represents the liquid crystal capacitance of the black mode, and 
Cic-white represents the liquid crystal capacitance of the white mode. 

A swing amplitude of the voltage supplied to the common electrode line 
according to sizes of the liquid crystal capacitance C| C and the storage capacitance C s t, 
voltage at the liquid crystal, and the size of the overshoot will now be described in 
detail. 

(i) in the case Q c = C s t (C st = 2xC| C -biack in the black state), 

When the amplitude of the voltage supplied to the common electrode line is 
AV > 0 and zero Volts are supplied to a data line in the black state, the voltage supplied 
to the pixel is as follows, based on equations 4 and 5: 

Equation 6 

C AV com 
V p (black) = [ .r"j.r ^ ' AVcom 1 ~ VcF - c ° m = ~ f 5 " ~ 2-5 

Z ' V^st + ^gd + ^lc-black ) D 

where it is assumed that C g d=0 and VcF-com=2.5. 

Also, when the amplitude of the voltage supplied to the common electrode line 
is AV > 0 and 5 Volts are supplied to a data line in the white state, the voltage supplied 
to the pixel is as follows, based on equations 4 and 5: 

Equation 7 

* ' \^st + ^gd + ^lc-btack ) H 

where it is assumed that C gc i=0 and Vcf -com - 

Since the black mode voltage must not be greater than 1 .7V, and hence it is 
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found from equation 7 that —&*—2.5 < 1.7, it follows that AV com <12.6. Based on this, 

equation 8 becomes such that V'p(white) < 12.6/4 +2.5 = 5.65. 

Therefore, if the common electrode voltage is swung in 12V, the actual voltage 
V'p(black)=1 .5V and V"p(white)=5.5V, and the size of the overshoot is 1 .OV. 

(ii) in the case C| C = 2xC s t (C s t = Qc-biack in the black state), 

When the amplitude of the voltage supplied to the common electrode line is 
AV > 0 and zero Volts are supplied to a data line in the black state, the voltage supplied 
to the pixel is as follows, based on equations 4 and 5: 

Equation 8 

' C AV 

V p (Mack) =[ - " -•&Kom]- V CF-con, = —^-2.5 

L ' V~st +L -gd + ^Ic-black ) H 

where it is assumed that C gc i=0 and V C F-com=2.5. 

Also, when the amplitude of the voltage supplied to the common electrode line 
is AV>0 and 5 Volts are supplied to a data line in the white state, the voltage supplied 
to the pixel is as follows, based on equations 4 and 5: 

Equation 9 

' C AV 

2-(C st + C gd +C lc _ black ) 6 

where it is assumed that C gc i=0 and VcF-com=2.5. 

Since the black mode voltage must not be greater than 1 .7V, and since it is 

AV 

found from equation 9 that — £22L -2.5<1.7V, the swing amplitude (AV com ) of the 

4 

common electrode line must be less than 16.8V. 
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Based on this, the actual voltages supplied to the liquid crystal are as follows, 
according to equations 8 and 9: V'p(black) < 1.7V, V'p(white) < 16.8/6 +2.5 = 5.3V, and 
the voltage of the overshoot is 1 .4V. 

According to the present invention, the conventional 13V high voltage dot 
inversion TAP IC can be used, and when this is substituted by the 5V low voltage line 
inversion TAP IC, the driving voltage of the LCD can be reduced since the maximum 
value of the actual voltage sensed by the liquid crystal is 5.5V. 

Also, since the overshoot ranges from 1 .0 to 1 AM, the response speed by the 
overshoot can be improved. 

Further, when the gray is switched from a higher degree to a first degree, a 
voltage lower than the first gray voltage is supplied and a turn-off time of the liquid 
crystal is shortened. When the gray is switched from the first one to another, the liquid 
crystal is more quickly turned on since another voltage is supplied from the first gray 
voltage. 

Also, acuteness of the VT curves is lowered. 

While this invention has been described in connection with what is presently 
considered to be the most practical and preferred embodiment, it is to be understood 
that the invention is not limited to the disclosed embodiments, but on the contrary, is 
intended to cover various modifications and equivalent arrangements included within 
the spirit and scope of the appended claims. 
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